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The population of pronghorns (Antilocapra
americana) on Anderson Mesa in north-cen.
tral Arizona has exhibited a strong correlation
between coyote (Canis latrans) suppression
and pronghorn fawn survival over the last 40
years (Arrington and Edwards 1951, Neff and
Waoolsey 1979). Similar relations have been re-
ported with pronghorns in Utah (Udy 1933)
and Texus (Hatley 1979) and with white-tailed
deer (Odocoileus virginianus) in Texas {Guth-
ery and Beasom 1977) and Oklahoma (Stout
1982).

The Anderson Mesa herd gradually de-
clined after about 1955, and was reduced 85%
by a blizzard in 1967 (White 1969). By 1970
the 113 survivars had inereased to 350. Inten-
sive annual coyote control by toxicants was

~then terminated. The herd peaked at d8) in
1971 and increased no further. Age ratios
dropped from 90 fawns/100 docs in 1975 to
a low of 14 in 1979, Beginning in 1979 exper-
{tnents were conducted to determine {f coyote
densities could be reduced sufficiently to af-
fect fawn survival rates and allow the popu-
lation to increase (Neff ot al. 1985). The coy-
ote population was effectively reduced over a
3-year period (1981 1983) by helicopter gun-
‘ning after trapping and shueting had proved
inadequate. This control effort, conducted Just

prior_to fawaing,- hos been-coincidental-with -

more than a 400% inerease in the pronghorn
poplation of the study area from 1980 to 1983.
This paper describes a computer simulation

U A contribution of Federal Ald tn Wildlife Resto-
ration Projeet W-78-R, Arizona Gamo and Flsh De-
partinent in cooperation with the Animal Control Di-
viston, U.S. Fish and Wildlife Serviee, and the Coconlno
Nutional Forest.

model that was used to forecast the accumu-
Inted economlie benefits and prongharn pop-
ulations resulting from each of 8 coyote con-
trol schedules,

STUDY AREA

Anderson Mesa, primarfly pronghorn summer range,
consists of a basal-cappad plateau that tlses In the
ponderosa pine (Pinns ponderosa) forent near Flag.
ftalf and extends southeast about 65 km, The mesa top
comprises about 500 kimé. The rolling surface is about
%100 m in elevation, much of it apen grassland in-
vaded by pine and pinyon-juniper (P, edulis- Junip-
orus utahensis), The mosa iles entirely within Wildlifo
Management Unit 58, The eastern s‘{ope of the mesa
Is a dense old-growth pinyon-juniper woodland, falling
away to sheatgrass and saltbush (Atriplex spp.) (Great
Basin dosert scrub (Brown 1982:329) plains, These
plains to the east of the masa make up the bakunce of
Unit 5B and sre mainly pronghorn winter range. The
entire manageimcnt unil is ubout 1,500 kmé. Prong-
horms migrate cach spring to the mesa top before fawns

are born. This spring range produces an abundance of *

palatable cool season forbs and yrasses that provide a
relntively high plane of autrltion for pregnant and
laetating does, The mesa is grazed by cattle only, un-
der supervision of the Coconino National Forest,

A central portion of Anderson Mesa (Pine Hill study
arca) wos selected for intensive observations of coyotes
and pronghorns beeause of the expanse of country (90
km?) that could be viewed and Locausc it Is an Im-
portant fasning ground.

METHODS

Cayote Control

Coyote pophlation reduction was contracted to the
Animal Damage Control Division (ADC), U.S, Fish
and Wildlife Service. From 1074 to 1980 trapping wos
conducted during April, May, and June, Tho trapplog
offort was concentrated on the antelope summer ranye
on Anderson Mesa, The total effost in man-days ('{'nb'io
1) varied among years bueanse of weather conditions
and ease of access. In 1980 the Arizona Leyislature
amended the laws to allow coyote shooting Irom air-
craft under permit from the Artzona Game and Fish
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Table 1. Cost of coynte reduction on Anderson Mesa, Arizona, by the U.S, Fish and Wildlife Service, Animal

Damage Control Division, 1077-1963. ’

Eilont o .
Covotes ™ T t oy 1953 adimsted cotts
Yeu taken Methnd ilys b Tutal Pet copute Tl Pet coyite
1977 54 Trap 85 $ 2,037.92 $ 54.41 $ 482113 $ 89.20
1978 31 Trap 30 3,147.88 1108 5,258.02 169.61
1079 20 Trap 10 5,095.78 269.78 1,392.22 369.60
1930 42 Trap 99 137178 180.42 9,148.38 217.77
1081 11 Trap 60 13.869.00 35178 4,232.69 38479
62 Helicopter 6 M7 18,785.05¢ 270.73 18,362.84 296.18
gumer
1982 60 lelicopter 6 353 16,314,72 271.91 16,804.16 280.07
gunner
1983 70 Heleopter 6 300 16,-458.00 235,11 16,458.00 . 235.11
gunner ' i

* Approvimately 345 of helicopter cost was fer wovices of ADC putsonne).

Commission for control of depredations, From 198)
to 1983 the ADC 1sed helicopter gunning as thelr Prl-
mary coyote reduction method on about 490 km? of
Anderson Mesa, The schedule of Mgt operations for
the 3 years was consistent. Monthly flights wére con-
ducted on 3 or 4 consceutive days in March, April, and
May (Table 1). It was folt that control just prior to
fawn birth would effect a temporary reduction in coy-
ote munbers [n the fmumediate vicinity of fawning
grounds sufficlent to improve fawn survival through
tho frst 4.3 weeks. :

The average cost/coyole by trapping wes $194.51
(1983 adjusted cost = $246.21) for 158 coyotes in 5
years. By helicopter gunning ft was $259.25 (1983 ad-
justed cost = $270.45) for 192 coyotes In 3 years,

Coynte and Pronghorn Population
Rasponse

The effect of varying Intensiticr and methods of
coyote control on both coyotes and pronghorns was
Inforted from trends in ground ebservation indices and
acrial composition counts during 19771983,

Because Andurson Mesa Is the principa fawning orea
for é’ronghoms occupying Unit 5B, parametets of the
herd oceupying the larger area were used to evaluate

- response to-coyote control, - - — - -

Each year during the May-June fawning period 1
observer (D. J. Neff) with a 20X spotting scope watched
for 53 hours at dawn and again at dusk from a tower
on Pine Hill. Locations, numbers, sex and agg ratios.
and details of pronghorn behavior were recorded, Ob-
servations/hour of adult und fawn pronghorns end
coyotes were caleulated as indices to density.

Standardized acrial surveys are flown unnually on
all Arizona pronghorn ranges in June or July. In Unit
51, survey subdivisions allowed us to compile data sep-
arately for Plue Hill, Anderson Mesa, or the who&c

unit. All pronghorns seen were elassified as bucks, does,
or fawns, These standardized surveys allowed us to use
all other pronghorn management units as untreated
experimental controls during 19511983 when only
Unit 5B had helicopter gunning.

On Anderson Mesa a small pumbar of coyotes was
trapped and radio-collared esch year (by N. G. Wool-
scyS. T'his allowed us to make a crude estimate of coy-
oto density with the Lincoln Index based on marked
animals taken by the helicopter.

v

Overview—Benefit : Cost Evaluation

Evaluation of the ultimate benefits of the control
strategy used on Anderton Mesa is based on the esti-
mated conomic value of male pronghorns available
to hunters in Unit 3B as reflected {n the dollars spent
by hunters relative to the cost of coyote control meth.
ods. A major assumption s that the recent pronghorn
population increase fn Unit 5B is a dircct effect of
coyote control and that future population changes will
reflect how coyotes are nxanaged in this arca,

On the basis of this assumption, we butlt a computer
madel that calculates the net cconomie bonefits of 8
shrulated coyote control strateygies. These strateyies
were hased on a repetition of the uerial control meth.

-ods deseribed herein, but-scheduled In-a varicty-of -

arbitrary year-combinations over 4 10.year period,
1943-1992,

The rationale of the sitnulation model was as fol-
lows: based on a dermonstrated relationship between
fawn : doe ratios and the number of years since coyote
control, a simulated coyote control sehedule produced
an annual estimate of the fawn: doe ratio, This ratio
drove a second population model that yielded an
annual estimate oF male pronghorns available for har-

vest, A management guideline and formula allocated
a certain number of hunting permits for Unit SB. These
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riod. The total of the fixed costs of the coyote control
aperation were deducted from the accamulated ben-
cgts. ylelding a net 10-year benefit. This figure was
then compared with the net benofit derived from the
control schedule employing coyote control in 1983 only,
hereinafter referred to as the ne-control alternative.
The resulting ratio was used as the net benefllt ratio.
‘The various model inputs are diseussed In turn,

Fawn : Doe Ratios

Summer fawn:doe ratios as obtained during July
aerial surveys for the period 1051-1979 were nega-
tively correlated {r = ~0.86, P = 0.01) with the num-
ber of years since the last cffeetive coyote control had
been administered on Unit 5B. A year of effective
contral s defined as a vear prior to 1972 when ADC
personnel placed 1080 baits on Unit 58 and substantial
numbaors of coyates wore Judged to have besn kiiled,
The fawn: doe ratio (Y) is estimated by ¥ = 72,57 —
11.40X where X = years since coyote control with
1080.

The ratio during years of 1080 control (X = 0) was
estimated at 73 fawns/100 does. We felt that this was
not a reasonable funetional refationship to use in our
net banefit model beeause the 3 years of aerial gunning
produced an average 57 fawns/100 does. The carller
1080 control was judged to be much more offective
because baits were placed in the fall and were avall-

able to coyotes until roads became passable in the

spring, permitting ADC personnel to remove the baits,
"I'his effectiveness was not likely equaled by aerial gun-
ning Himited o the period just prior to the birth of
fawns.

We adjusted the regression equation for use In our
net benefit model in 2 ways, The mean ratio of 57
fawns/100 does was used as the ¥ iptercept, We also,
assumed that the fawn: doe ratio (Y) won\d not be a
linear function of years since control beyond 3 years
without control, The average fawns/100 daes for the
10 years when 4 years had elapsed since control wus
31. We chose a lower cstimate for those years equal
to the value of Y when X = 3. The adjusted, segnented
regression model s Y = 57 — 114X when X = 2 and
Y =23 when X > 3.

Pronghorn Population Estimates

The fawn: doo ratios thus obtained were put into a
simple populution dynamics model (R. Mlﬁcr. Ariz,
Came and Fish Dep., pers. commun.) that adds ani.
wals to the popuiation relative to the fawn : doe ratlos
recorcded on surveys and takes animals from the pop-
ulation based on estitates of hunting and nataral mor-
tality, Hunting mortality estimates, considered reli-
able, were obtained frem a questionnalre to pronghorn
hunters; about 745 of all hunters were samnpled. This
model used the Initlal 1974 aertal count of bucks, does,
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and the kil of bucks in Unit 5B, Natural montality was
assumed to be constant {or the perind and was input
to the first fteratlon of the madel as a guess. The model
was then ftorated with different estimates of natural
mortality in each of the 3 population cohorts until the
population respanse approximately paralleled a graph
of the actual pronghorn counts for the same 11-vear
serlod, The mortality rates that produced the best

tof madeled to actual data were then used as inputs
to tho same miodel to forecast population estimates for
1983~1992.

Economic Bonefits

Qur evaluation of benefits was based on the econom-
je value of hunting male pronghorns. Cost of a permit
to the hunter and the number of permits leued are
the factors that drive the benefit side of the modpl.
Value of a pormit {ncludes both the permit fee and
expected expenditures/mansday of hunting. We con-
sider gross expenditures/hunter-day to be a valid mea-
sure of relative value in & model in which number of
permits is the primary variable. It is « reasonable as-
sumption that hunter demand would absorh all per-
mits offered within our model projections.

During 1984 the resident penmnit fee was 853, The
averasge 1980 cost/biy ame huntereday was estimated
at $52 (Anon, 1980) and adjusted to $63 (n 1983 dul-
lars. Th2 1950 estimate was modified by deletin:; 55
penditures unrelated to pronghorn hunting (v.g., hunts
tng dogs) Arizona pronghorn hunts have ben fixed at
3 Jnys for many vears and hunters have averaged 2.17
days afield over the past 10 years.- .

The net benefit model was designed to simulate an
estimated number of bucks that would be produced
during the period 1983-1992 in response to each of a
sutof 8 coyote control strateglus. Estimated buck num-
bers is the primary varlable determining number of
buck permits allocated each year. In Unit 3B, 30 bucks
are allocated for harvest for every 100 bucks seen dur-
Ing aerlal surveys, Hunter success In recent years has
averaged 819 and hunter participation has averaged
96.7¢5 of the permits Issuezf thus allowing 87 permits
to be Issued for evary 100 bucks colmtcﬁ on jurvay.
The economic value of each permit in 1983 dollars
was estimated a3 follows: let 0,038 = proportion of

nonparticipants,” 0067 = proportion of ‘participants,
$53 = value of pormit and application fee, 217 = av-
erago days ufieid/participant, 363 = valuo of & 1983
recreation day, and X = number of permits allocated,
Then total annual benefit ($) = X(0.033)(53) +
X(0.967)(53 -+ {2.17)(63)) = 185.18X.

Costs

Actual costs (Table 1) for 3 years of acrial gunning
were averaged and adjusted to 1983 dollars by refer-
ence to cost-price index data (Anon. 1983). This av-
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permits generated an annual cconomic benefit by way  and fawns as the beginning population. Yearly popu- :

of the gross expenditue s asociated with huuting. These  lation estimates were then generated for 19741984, i

bonefits were summed over the 10-year sinulation pe-  using yerly fawn: doe ratlos obtained from surveys, i
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Table 2. Pronghorn and coyote observations/hour,  Table 3. Herd composition of pranghorns on Ander-
Pine Hill study area, Anderson Mesa, Avizonn, 1977=  son Mesa, Aclzona, 19771088 (winter range oxclud-

19433, ed),

Fionghern R X Fawny/

Year Hours Wby - Fawny Cayntes Yo Busks Does Fawny Toul  A00des
~ y Py o P

077 638 197 47 01p O A+ T
1978 87.5 18,5 1.9 0.10 1979 51 161 u aa 7
1979 106.3 10.9 0.5 0.496 1050 2 183 70 ;88 1
1980 1218 113 1.3 0.30 1981 & 069 187 353 19
1981 012 a7 G4 007 08 T 335 28l e )
1982 37.8 37.9 16.7 0.156 1983 118 4987 393 849 5:’
1089 4.1 52.8 18.8 0. 19 -~ "

arage level of cffort and expenditure/yesr of cayote
control is assumed constant for all control sequonces
meodeled.

Coyote Controf Simulation

‘the simulation model was run for 8 coyate control
strategles: control in 1983 only; control wvery second,
third, fourth, or lifth year; control In the first 2 and 8
consecutive years in 5 years; and control in the first 5
consecutive years In 10 years. Accurnulated net bene
efits were caleulated for a 10-year period bewlnning
with the 1083 pronghorn papulation level. This was
the last year as of this wrlting for which we had qsti
wates 0fy fawns/doce and hiunter harvest; for this reason
1989 was choson as the hase year. This was, iowever,
a yaur of ¢coyote control. Consequently, our bust sim-
ulation of 4 nu-control strategy was control during the
fiest year and none thereafter.

RESULTS

Cost and Effectiveness of Coyote
Reduction

Kill/unit effort was fairly uniform from ac-
rial gunning but varied widely for trapping
{Table 1). Numbers of coyotes taken varied
from 20 to 73/year, and costs/coyote varled

from $89 to $385 for trapping and from $235
- to $286-for acrial guntlng. Average annual

acrfal gunning control cost (adjusted to 1983
dollars) was 817,200,

€oyote Populutlon Tronds

Lincoln Index estiinates of density were
based on only 4-7 marked coyotes subject to
aerlal gunoing each year, Reasonable and con-
sistent estimates were obtalned (0.66, 0.42, and

0.42 coyates/km? in 1981, 1982, and 1983, re-
spectively) although precision of the esimates
was low. Accuracy of the esthmates was sup-
ported by observations on size and projected
number of coyote breeding territorles on An-
derson Mesa (Neff et al, 1985). If density es-
timates were accurate, the removal of 78, 60,
and 70 coyotes by the ADC represented about
296 of the total populution In 1981, 28% in
1082, and 29% in 1983, Although this appears
to be a low level of coyote removal in com-
parison with the marked response In prong-
hors fawn suivival, the loss of perhaps 30% of
the breeding females and consequent distup-
tion of denning activity may have had a dis-
propartianately large effect on fawn survival,

Coyote activity on the Pine Hill study area
increased rapidly in 1978 and 1979 (Table 2).
Coyote vbservations reached a high of 0.86/
hour during the 1979 fawning season. Coyotes
were seen in groups of 3-3 (groups of 6 and
8 were reported) during this period, whereas
no groups farger than 8 wero seen during pe-
riods of lower density. Coyote observations de-

clined substantially in 1980 and thoreafter.— -

Pronghorn Fawn Survival

Aerial survey results (Table 3) indicated a
gradual decline in numbers of adult prong-
horns on Anderson Mesa from 1877 to 1979,
Fawt survival was extremely low In 1979 but
much improved i the nest 4 years, and num-
bers of both adults and fawns Increased rap-
idly. The total count for Anderson Mesa and
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Table 4. Tan-year projection of henofits and costs of coyote contral, Anderson Mesa, Arizona, 1983-1992,

Cust Nel Lenebt {enebt ranos

Cantred whednle Derelits
Flrst of 10 years $243,507 S 17,200 $220,307 1.00
First of 2 years 519,981 86,000 133,981 192
First of 3 years 422,391 68,800 354,501 1.56
First of 4 years 354,985 51,600 203,985 1L
First of 3 veatrs 320,356 34,400 285,956 1.26
Flest 2 of 3 years 418,687 68 500 340,887 184
Flest 3 of S years 317,203 103,200 414,003 1,85
First 5 of 10 years Aol 424 86,000 338,424 158

adjacent winter range in July 1983 was 1,008,
exceeding 1,000 for the first thne since 1960.
Only 1 other range in northern Arizona showed
a strong upward trend in pronghorn numbers
during the period of this study. This area com-
prises Units 7 and 9, between the San Fran-
clsco Mountains and the Grand Canyon, about
167 kin northwest of Unit 5B. Pronghorn
counts increased in 1980 and amgain in 1983,
with a combined total net gain from 261 to
382 adults plus yearlings, or 46%. During the
same perfod numbers on Unit 3B, with 8 years
of cffective covote control, increased from 317
to 747 aduits plus yearlings, or 1365%. The
pronghotn survey countts in Units 7and 9 were

600! et OF 2 YEARS
weemesi | OF 3 YEARS
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Flg. 1. Computer simulation of expected trends in
buck pronghorn numbers under 4 coyote control steat-
egics, Anderson Mesa, Arlzona,

not correlated (P =+ 0,05) with those in Unit
5B during 1970-1984. There was little evi-
donee to suggest that the improved fawn sur-
vival on Andersun Mesa was associated with
factors ather than coyote control.

Benafit Evaluation

Accumulated net benefits wore maximum
for control applied 1 year In 2 and minimum
for control in 1983 only (Table 4). The aceu-
mulated net benefits for most schedules did
not exceed the accumulated net benefits for
the no-control alternative until the ffth or sixth
year of the simulation run, indicating that
long-term planning of coyote management
programs is needed. The favorable net benefit
ratios at the end of the 10-year control cycle
appear to reflect the fact that as pronghorns
fnierease as a result of coyote reduction, the
total number of harvestable bucks increases
and there Is an Increasing payoff for the fixed
annual cost of the control operatlons (Fig, 1),

SUMMARY AND CONCILUSIONS

The rapid increase in the pronghorn herd

~on Anderson-Mesa from 1980 to-1983 was the- - -

result of a dramatic rise in the rate of fawn
survival and recruitment, Bigh fawn survival
was strongly corrclated with the removal of
coyotes by helicopter gunning in spring prior
to fawning. The increased fawn survival was
not related to any observable change in prong-
horn behavior or nutritional status (Neff and
Woolsey 1979, Neff et al, 1985). We conclude
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that the reduction in coyote numbers during
the spring fawning period was dircetly re-
sponsible for the Increased fawn survival.
Responses by the pronghorn herd to various
schedules of covote control, and the economic
costs and henefits involved, were modeled on
the assumption that coyote contrel on Ander-
son Mesa will be an element in pronghorn
management in Unit 5B in the foreseeable fu-
ture. The alternative of “no control” has at-
tractlons, including the avoidance of hazard-
ous low-level Night and control work expense,
It also leaves the coyotes for. fur harvest and
sport hunting. But the decline of the Anderson

"Mesa pronghorn herd from 1950 to 1967, and
the poriod of stagnation from 1972 to 1980,

indicates that this herd will not thrive under
inaction. This supposition is supported by the
computer simulations of prenghorn buck
numbers under the “no control” schedule (Fig.
1) and by current trends in fawn survival in
Unit 5B during 1984-1985, After 2 years since
control of coyotes, the fawn:doe ratio de-
clined to 0.47 In 1984 and to 0.26 ‘in 1985.
The regression estimates were 0.45 and 0.34
for those 2 years, respectively. The popula-
tlon, however, has performed somewhat bet-
ter than the model predicted. The 1985 aerfal
survey yielded a count for 247 bucks where
the model (Fig. 1) predicted 199.

No qunﬁtitntivc measurements were made
of other factors, such as disease or abandon-
ment, which could affect fawn survival, Sub-
jective observations (Neff and Woolsey 1979)
suggest that Ure Anderson Mesa fawning range
generally provides an abundanee of pulatable
and nutritious forbs and grasses. Management

-of cattle grazing is ‘progressive and judicious:

This range, however, Is primatily a midgrass
prairie lacking a shrub component, In view of
the existing ecelogical conditions (winter snow

cover, héavy clay solls, native grasses and forbs
in early phenological stages during pronghorn
fawning) there appents to be no practical and
economical opportunity for improvement in
fawning cover,

Sclective, time-specific application of aerfal
gunning thus appears a reasonable and eco-
nomically beneficial means of increasing
numbers of pronghorns in Unit 5B in the pres-
ence of high coyote densities.
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